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INTRODUCTION
The order Pristiformes (sawfishes) (Compagno, 1973) , contains seven species in two genera (Compagno, 1999) . These cartilaginous, benthic fishes present a worldwide distribution in tropical and subtropical coastal waters of Atlantic and Indo-Pacific areas, including estuaries and rivers mouths, and many studies have been conducted on their morphology and ecology (Garman, 1913; Bigelow & Schroeder, 1953; Last & Stevens, 1994; Compagno & Cook, 1995; Zorzi, 1995; Compagno & Last, 1999) . Pristiformes, with the single family Pristidae, are divided into two genera, Pristis Linck 1790 and Anoxypristis White & Moy-Thomas, 1941 . Pristis comprises six putative species: Pristis pectinata Latham, 1794, Pristis pristis (L., 1758), Pristis zijsron Bleeker, 1851, Pristis microdon Latham, 1794, Pristis perotteti Mu¨ ller & Henle, 1841 and Pristis clavata Garman, 1906 . The genus Anoxypristis is represented by a single Indo-Pacific species, Anoxypristis cuspidata (Compagno, 1999) . Interrelationships among the species have never been clearly defined and the status of some species is still uncertain because of the lack of comparative material (Stehmann, 1990; Ishihara et al., 1991; Taniuchi & Shimizu, 1991) . As part of the ongoing Odontobase1 project (which is an attempt to identify chondrichtyans based on their isolated dermal elements; Deynat, 1996 Deynat, , 2000 Deynat, , 2003a , the dermal denticles of sawfishes were studied in detail. The aim of this paper is to show that the dermal denticles of sawfishes are useful in elucidating their systematics and in providing new information regarding the supposed synonymies of some nominal species of Pristis.
MATERIALS AND METHODS

MEASUREMENTS
Measurements of the specimens were made according to Bigelow & Schroeder (1953) . Total length (LT) is taken from the tip of the snout to the distal point of the dorsal lobe of the caudal fin. Length of the isolated 'saw' is measured from the tip to the base of the saw.
TERMINOLOGY
Terminology of the dermal denticles and preparation of the skin samples follows Deynat & Se´ ret (1996) . Other parts of the body, including the fins and the buccopharyngeal cavity, have been examined in order to compare the variations of shape and arrangement of the denticles.
SAMPLE COLLECTIONS
Morphological comparative studies both at the intraspecific and interspecific levels have been made on the specimens indicated in the Appendix. Institutional acronyms follow Leviton et al. (1985) .
Body, and in most cases, the buccopharyngeal cavity, is covered with numerous closely set dermal denticles variably arranged within both Pristis and Anoxypristis. Pristidae are devoid of any tubercles, thorns and bucklers (Garman, 1913) .
ANOXYPRISTIS
In Anoxypristis, the body is partially covered by dermal denticles irregularly distributed on the 'saw' and mainly located on the anterior edges of the head and fins. The skin of the foetuses and younger neonates up to 642mm LT is completely naked. The first denticles appear in a 710mm LT neonate (MNHN A7909), on the anterior part of both dorsal and ventral sides of the saw, on the anterior edge of all fins and, sparsely, in the interorbital area of larger specimens [ Fig. 1(a), (b) ].
Denticles on both sides of the saw present a similar shape over the entire length of the saw. They are deeply imbricated and show an ovoid to polygonal crown, supported by a short and well differentiated peduncle, reposing on a star-shaped basal plate. Lateral edges of the saw present larger denticles to the level of insertion of the rostral teeth. Denticles on the anterior edges of fins are similar in shape and arrangement to the denticles of the saw and can only be distinguished by their larger size. Study of different specimens of Anoxypristis shows that the body is completely devoid of any tubercles, and buccopharyngeal denticles are missing in all developmental stages. One of the larger specimens examined (MNHN 3459, female 785mm LT) shows some sparsely distributed denticles in the interorbital and anterorbital areas, without a well defined arrangement. These denticles have a flat crown, slightly erected at its posterior tip, without any distinctive relief. The crown presents three posterior tips: one median tip and two lateral [ Fig. 1(a), (b) ]. In adults, the dermal covering shows widely spaced denticles.
PRISTIS
In Pristis, the dermal denticles on both sides of the body and tail are regularly imbricated. The length of the crown ranges from 100 to 150 mm. The starshaped basal plate is surrounded by a short and feebly differentiated peduncle, supporting a leaf-shaped crown, slightly erected at its posterior side and marked by a more or less differentiated posterior tip [Figs 1(c) -(f) and 2(e), (f)].
The study of different specimens shows that a variation of the shape of the crown separates the genus Pristis into two groups. The first group, comprising P. pristis, P. perotteti and P. microdon is characterized by the development of crown ridges and furrows on the anterior part of the denticles in all developmental stages. Denticles of the dorsal side of the body show a leaf-shaped crown, with three to five ridges extending from the anterior edge of the crown to the mid-length of the denticle [ Fig. 1 (e), (f)]. These ridges are developed on each denticle of the dorsal and ventral sides of the body, tail and fins. In larger specimens, ridges are less marked and three to nine furrows are present. The smallest denticles present only one median ridge. During replacement, the next denticles show in addition a pair of parasagittal ridges; in larger specimens, there are deep furrows between these ridges [ Fig. 1 (e), (f)]. Dermal denticles of the ventral side of the body present a very similar crown with furrows on the first anterior third of the denticle [ Fig. 2(e) ]. The second group, comprising P. pectinata, P. clavata and P. zijsron, is characterized by dermal denticles with a flat and oval-shaped or rounded crown devoid of any relief in all development stages. Denticles of the dorsal part of the body show a similar morphology and present a leaf-shaped crown terminating at a feeble tip, although the tip is more pronounced in adults (Garman, 1913) [ Fig. 1(c) , (d)]. The study of the morphological variations of these denticles shows a differentiation of the crown, becoming more elongate and convex in the posterior part of the body. Denticles of the ventral side are smaller and set more in a pavement-like pattern (Bigelow & Schroeder, 1953) [ Fig. 2(f) ]. Within the two groups discussed above, denticles of both dorsal and ventral sides of the body generally show similar morphology (dorsoventral isomorphy sensu Deynat & Se´ ret, 1996) , but with the denticles of the ventral side being smaller (Bigelow & Schroeder, 1953) . Furthermore, they can be differentiated by the presence or absence of crown ridges developed on the anterior part of the denticles.
DERMAL COVERING OF THE SAW
As for A. cuspidata, dermal denticles of the species of the genus Pristis present a similar morphology on all or part of both sides of the saw. They can be differentiated by their larger size on the lateral edges of the saw at the contact zone between the 'teeth' and the 'saw'. The crowns of the denticles are deeply imbricated, creating a plain surface without any relief [ Fig. 2(a), (b) ]. This local differentiation of polygonal denticles can also be found on the anterior edge of the fins and snout where the denticles do not show any ridge, nor any distinct posterior tip. This character is also found in Anoxypristis, and is frequently observed among sharks. It could be a primitive character linked to ecomorphological variations and conserved within Pristiformes (Wallace, 1967) . Rostral denticles seem to present a similar shape all over the length of the saw, but a detailed examination shows that a progressive antero-posterior modification of the crown morphology occurs among species in which crown ridges are present (P. pristis, P. perotteti and P. microdon). Differentiation of the crown ridges occurs on the posterior third of the saw to the tail: denticles are devoid of any relief on the anterior two-thirds of the length of the saw; ridges are noticeably differentiated on denticles c. 20 cm from the anterior edge of the eyes [ Fig. 2(a), (b) ].
MODIFIED DENTICLES
As noted above, species of Pristis have an additional dermal covering of large, deeply imbricated and polygonal denticles. These peculiar denticles are located on the anterior edge of the fins, lateral parts of the saw, and along the caudal keels, as indicated in P. pectinata by Garman (1913) . All specimens studied had small denticles in the buccopharyngeal cavity [ Fig. 2(c), (d) ]. These denticles have a thick and leaf-shaped crown, with three to five strong ridges. The crown is elongated and slender in P. pristis and P. zijsron, but more enlarged in P. pectinata.
DISCUSSION
Previous studies of the characteristics of the dermal covering of sawfishes have shown that a separation can be made between the genera Anoxypristis and Pristis on the one hand, and among the different species of Pristis in two distinct groups on the other (Deynat, 1996 (Deynat, , 2000 . Pristiformes share a typical dermal covering characterized by: (1) large denticles with a polygonal crown which are deeply imbricated and arranged as a mosaic on the anterior edges of the fins and over most of the length of the saw; (2) denticles of both sides of the body comprising a leaf-shaped crown on a welldifferentiated peduncle and basal plate; (3) absence of tubercles or hypertrophied denticles. The main differences between the dermal covering of Anoxypristis compared to Pristis are in the mode of covering of both dorsal and ventral parts of the body, the presence of buccopharyngeal denticles, and the comparative morphology of the crown of the denticles. The covering of both the dorsal and ventral parts of the body and tail at an equivalent growth stage constitutes a criterion of intergeneric taxonomic differentiation among Pristiformes. Anoxypristis is characterized as naked (Fowler, 1941) , or more or less covered with denticles in adults (Compagno, 1973; Last & Stevens, 1994) . Differentiation of larger denticles on the anterior edges of the fins, and the ontogenic differentiation of denticles on both dorsal and ventral sides of the saw in juveniles of Anoxypristis, indicate a typical postnatal development of the dermal covering. A dorsal keel comprising differentiated denticles (large and polygonal or heart-shaped) has been described in P. zijsron (Fowler, 1941; Qureshi, 1972) and in Anoxypristis (Annandale, 1909) , but has only been observed in one juvenile specimen of P. pectinata (pers. obs.). This mid-dorsal keel, comprising larger denticles of the same kind as the body denticles, extends from just behind the spiracles to the base of the second dorsal fin. The keel is differentiated at the level of the posterior tip of the free edge of the first dorsal fin. Furthermore, Annandale (1909) noticed a dark line of flat and heart-shaped denticles, from the area just before the first dorsal fin to the level of the anterior edge of the pelvics. A dark mid-dorsal line appears in foetuses of P. zijsron and P. pectinata, from the posterior level of the eyes to the level of the second dorsal fin (MNHN 1967-948) , but this embryonic line does not correspond to the keel of modified denticles, as observed in the juvenile specimen of P. pectinata. This dark dorsal line seems to result from a transitory differentiation of the dermal covering in juvenile stages of P. zijsron and P. pectinata, and is not considered to be of special taxonomic importance. Presence of a well differentiated mid-dorsal keel as noted by Annandale (1909) has never been recorded in adults of P. pectinata and P. zijsron in which denticles of the body are of a similar size. Morphology of the denticles of the body distinguishes Anoxypristis and Pristis because only Anoxypristis presents tricuspidate denticles rather than monocuspidate ones. In Anoxypristis, the morphology and arrangement of the denticles on the ventral side of the body and tail are mostly unknown and it is therefore difficult to make a reliable comparison between both genera. Buccopharyngeal denticles are always present in Pristis, but their absence in the juvenile specimens of Anoxypristis available for this study perharps does not constitute a reliable criterion for differentiation, without knowing the character state in adults. In Pristis, buccopharyngeal denticles are always differentiated and present a similar morphology in all species, independent of the morphology of the denticles of both dorsal and ventral parts of the body and tail [ Fig. 2(c), (d) ]. Pristis shows an early and homogenous covering of both sides of the body and tail beginning in neonates, except for the lateral edges of the saw where the covering appears during later growth and is linked to the development of the rostral teeth. Among the different species of Pristis examined, the morphology of the denticles never changes from the early stages of development, and the presence or absence of the anterior crown ridges on the denticles of both sides of the body and tail is a reliable taxonomic character for distinguishing groups of species. Based on their denticles, Pristis can be divided into two groups, the first one comprising P. pristis, P. perotteti and P. microdon, and the second one comprising P. pectinata, P. zijsron and P. clavata. The first group is characterized by denticles, on both the dorsal and ventral sides of the body, with leafshaped crowns and well developed anterior keels, whereas the second group is characterized by smooth ovoid denticles without any superficial relief on both dorsal and ventral parts of the body and tail. Features of the dermal covering in Pristiformes thus provide useful systematic data, even if it is impossible to separate the species within the two groups of Pristis. Traditionally, there have been many problems associated with the taxonomy of sawfishes. The systematics and phylogenetic interrelationships of sawfishes have not been clearly elucidated (Ishihara et al., 1991; Taniuchi & Shimizu, 1991) for several reasons. Specimens are difficult to obtain, especially large ones, because some species are threatened and need to be protected. It has also been difficult to obtain growth series for analysis of valuable ontogenic characters (Compagno & Cook, 1995) . Several morphological data have been used to distinguish sawfishes. Dume´ ril (1865) was the first to use the morphology of the rostral teeth to separate 11 species of Pristis. Hoffman (1912) first distinguished P. cuspidatus from other species of Pristis by morphological characteristics, and White & Moy-Thomas (1941) created the genus Anoxypristis for this species. Garman (1913) , and subsequently Bigelow & Schroeder (1953) , used the relative position of the fins and the number of rostral teeth to recognize six species of Pristis. These characters have been used mainly to separate the extant species of Pristis. If only denticle morphology and arrangement are considered, separation of A. cuspidatus from the genus Pristis is clearly supported by the present work, agreeing with Hoffman's (1912) results. Within the genus Pristis, the interpretation of dermal denticles is evidently more complex, because several misidentifications have been reported (Last & Stevens, 1994; Zorzi, 1995; Eschmeyer, 1998) . Results of the present study of the dermal covering do not allow a diagnosis of the different species belonging to Pristis to be made. In creating two distinct groups, however, the data can be related to the interrelationships of Pristidae suggested by several authors using other morphological data (Bigelow & Schroeder, 1953; Kailola, 1987; Zorzi, 1995) . The identification of two groups coincides with the work of Zorzi (1995) and Compagno & Cook (1995) who indicated that two groups of Pristis could be identified using features of external morphology (such as the shape of the saw and body, presence or absence of a caudal lobe, and number of rostral teeth; Zorzi, 1995) . The first group (the P. pristis group), comprising P. pristis, P. microdon and P. perotteti, is characterized by a broadly tapering robust saw, 15-22 rostral teeth and a thick body, but the relationships between the different species have never been clearly elucidated (Zorzi, 1995) . The second group (the P. pectinata group), comprising P. pectinata, P. zijsron and P. clavata, is characterized by a more slender saw and body, and 23-35 pairs of rostral teeth (Zorzi, 1995) . Pristis clavata and P. pristis, considered by some authors to be very similar, have been placed in synonymy by Paxton et al. (1989) . Characteristics of their dermal covering, however, show that P. clavata is more closely related to P. pectinata than to P. pristis.
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